(4), 393-403-A number of lateral geniculate neurons are excited by a volley delivered to either one or the other optic nerve and the resulting excitation is inhibited by stimuli to the other optic nerve. In this report, the distribution of the binocularly interacting (BI) neurons in the three cell laminae A, Al and B of the geniculate nucleus was studied in the cat anesthetized with a chloralose urethane mixture.
Recently, considerable evidence has accumulated for the presence of a binocular interaction at the lateral geniculate nucleus (LGN) level. Suzuki and Kato (1966) found that the geniculate neuron was excited by a volley delivered to either of the two optic nerves (dominant optic nerve), and that the excitation was suppress ed by a preceding volley delivered to the other optic nerve (nondominant optic nerve). The conditioning volley in itself evoked no spike in the neuron but produced a suppression. Intracellular recording from the cell revealed that the suppression was due to a prolonged inhibitory postsynaptic potential (IPSP) produced by the conditioning optic nerve volley. Such binocular inhibitory inter action in geniculate neurons can also be produced by the use of natural stimuli. Singer (1970) showed that geniculate neurons excited by photic stimuli presented to either eye (dominant eye) were inhibited by the stimulation of the other eye (nondominant eye). The inhibitory receptive field for nondominant eye was situated in a retinal area corresponding to the receptive field for the other dominant eye. These results were comfirmed by the detailed experiments of Sanderson et al. (1969 Sanderson et al. ( , 1971 . Therefore, the lateral geniculate nucleus is known to be involved in binocular interaction. However, there is disagreement concerning the distribution of the binocular interaction within the geniculate cell population. In our preliminary report (Suzuki and Takahashi 1970) , about three fourths of the geniculate neurons activated from the ipsilateral optic nerve were inhibited by a conditioning stimulation of the contralateral optic nerve. In contrast, only one tenth of the neurons activated from the contralateral optic nerve was inhibited by the ipsilateral optic nerve volley.
Such a clear difference in binocular inhibitory interaction between ipsilateral ly and contralaterally innervated neurons was not seen by Sanderson et al. (1971) . They investigated the distribution of the geniculate neurons having an inhibitory receptive field of nondominant eye in the three cell laminae of the LGN. Accord ing to their interpretation, these neurons should correspond to our bilateral interacting neuron. They found that the numbers of neurons having inhibitory receptive fields of the non-dominant eye were only little different in laminae Al and A, but lower in lamina B. Therefore, they considered their results to be different from ours. The purpose of the present experiments is to investigate the distribution of binocularly interacting neurons in the three laminae of the LGN. The localization of the recorded neurons was determined by the use of a marking technique.
METHODS
Experiments were performed on 27 cats weighing 2 to 3.5 kg. Each cat was anes thetized with an intraperitoneal injection of a chloralose (60 mg/kg) and urethane (0.6 g/ kg) mixture. For maintenance of the anesthesia, intravenous injections of chloralose (10 mg/kg) were made when necessary. After anesthetization, the head of the animal was fixed to a stereotaxic apparatus and the dorsal surface of the skull was exposed. Two round openings of about 20 mm diameter were symmetrically made in the skull overlying both hemispheres so that their centers were situated at the stereotaxic coordinates F 6.5, L 9.5. This was the site to insert recording microelectrodes into the LGN. Acrylic resin was piled up around the openings and 12 mm high crateriform dam built. The dura under the openings was carefully cut away with fine scissors and 2 mm thick disc of 6% agar -Ringer laid over the pial surface of the cortex. Afterwards melted agar-Ringer was gently poured over it to make a thick layer of the agar and thus seal the brain surface. This closed calvarium technique prevented pulsations and respiratory movements of the brain and greatly facilitated the recording of unit activity for a long period of time.
The optic nerve was stimulated at the optic disc of the opened eyeball. The lenses and corneae of both eyes were removed and the aqueous and vitreous humor was aspirated. 
RESULTS
When a microelectrode was gradually lowered down through the cortex to a region corresponding to the LGN, electrically responding neurons were encountered along the track of the electrode. In all, 169 of these neurons were found respond ing to stimulation of either one of two optic nerves. They were situated in one of the three laminae of the LGN as shown by later histological examination. Of these, 94 neurons (56%) showed binocularly inhibitory interction. The action potential generated by a volley in one optic nerve was suppressed by a preceding stimulus applied to the other optic nerve and this effect was evoked without generation of action spike by the conditioning stimulus ( negative diphasic configuration with a notch on its positive rising phase. Fig. lb also shows the response to the dominant optic nerve stimulation when it was conditioned by a single stimulus to the ipsilateral optic nerve. The conditioning -testing interval was 44 msec. The test stimulus itself failed to generate an action potential and only a positive wave was seen remaining. The amplitude of the wave was constant independently of whether or not it accompanied an action potential. Occasionally the suppressive effect was incomplete and some of the test stimuli gave rise to an action spike with long delays (Fig. lb) . These experi mental results were in complete agreement with previous ones (Suzuki and Kato 1966; Suzuki and Takahashi 1970). The suppressive effect was also observed in geniculate neurons situated in laminae Al and B. Figs. lc and e show action potentials induced by ipsilateral and contralateral optic nerve volley from the neurons situated in lamina Al and B, respectively. Spike generation was suppressed by a preceding stimulus applied to the optic nerve contralateral to the one producing the action potential (Figs. 1d and f). Since the conditioning stimulus itself produced no spike in the neuron, we postulate that the suppressive effect is generated by an inhibition produced by the volley in the optic nerve contralateral to that producing excitation (nondomi nant optic nerve).
Variations in suppressive pattern
The most characteristic sign of inhibition due to a volley of the nondominant optic nerve was a prolongation of the latency of spike generation. with a latency of 2.1 msec when activated by a volley to the contralateral nerve .
The intensity of the conditioning stimulus to the nondominant ipsilateral optic nerve was altered over a wide range from weak to very strong stimulation (abscissa) while the strength of the test stimulus was kept constant at near threshold level . The interval between conditioning and test stimuli was fixed at 44 msec. The latency for spike generation remained unchanged even when strong conditioning stimuli were applied to the ipsilateral optic nerve.
Thus , a binocular inhibition was lacking in this particular neuron.
The degree of the inhibition on conditioning with a stimulus to the nondomi nant optic nerve varied considerably among different neurons.
In some neurons , the inhibitory effect was great in that the latency for spike generation rapidly increased as the strength of the conditioning stimulus applied to nondominant optic nerve was made stronger (Fig. 2b) . Further increase in the strength of the conditioning stimulus resulted in a block of spike generation (strong conditioning effect). In other types of inhibition, the latency of the spike similarly increased with increased strength of conditioning stimulation but to a limited degree. The spike never disappeared even with a very strong conditioning stimulus, the latency remaining at this maximal value. Further increase in strength of the condition ing volley resulted either in no change of latency or even in a shortening (Figs.  2c and d) . Distribution of binocular interaction in the geniculate In 69 neurons situated in lamina A, the latencies of spike generation to con tralateral (dominant) optic nerve stimulation were distributed from 0.5 to 5.0 msec with two modes at 1.0-1.5 msec and 2.5-3.0 msec. This bimodal latency distribu tion may relate to two groups of afferent fibers with two different conduction velocities. Of these, 29 neurons (42%) show a binocular interaction. The frequency of occurrence of the neurons was represented by stippling in each class. As seen in this figure, the neurons with relatively short latency failed to show a binocular inhibitory interaction, whereas most of long latency neurons did. Fig.  4b illustrates the latency distribution of neurons situated in lamina Al. The latencies were distributed between 1.0-6.5 msec with a peak at 1.5-2.5 msec. Fourty-one out of 49 neurons (84%) showed binocular interaction . The latencies of those neurons located in lamina B were distributed over a wide range , from 0.5 msec to 13.5 msec. Twenty-four out of 51 neurons (47%) found to show binocular interaction had long latencies when excited by a volley in the dominant optic nerve. The lower percentage of binocularly interacting neurons present in lamina B was due to an absence of interaction found for short latency neurons . showing no interaction (open circles), while the caudal portion contained a number of binocularly interacting neurons. In lamina Al, most neurons showed binocular interaction as mentioned above with the non-interacting neurons generally found in a region adjacent to its border. A number of non-interacting neurons were seen in lamina B, an region adjacent to lamina Al. The frequency of occurrence of interacting neurons in the three laminae of the LGN has been a matter of dispute. In our preliminary report using a micro pipette for recording geniculate neurons (Suzuki and Takahashi 1970) , about three fourths of the geniculate neurons activated by the ipsilateral optic nerve were found to be inhibited by stimulation of the contralateral optic nerve. In con trast, only 13% of the neurons activated from the contralateral optic nerve were found to be inhibited by the ipsilateral optic nerve. These results were confirmed by intracellular recording from 16 neurons. Seven out of 8 ipsilaterally activated cells showed IPSP on contralateral stimulation, while 2 out of 8 contralaterally activated cells showed IPSP following ipsilateral stimulation. Therefore, the amount of binocular interaction was found to be considerably different as regards contralaterally and ipsilaterally innervated geniculate neurons. It is well known that the optic nerve from the contralateral eye projects to the outer two geniculate laminae A and B while the ipsilateral eye projects to the inner lamina Al. There fore, contralaterally innervated neurons should be found in laminae A and B while ipsilaterally innerved ones in Al. Adding up the neurons in laminae A and B, 53 out of 120 contralaterally innervated neurons (44%) showed binocular interac tion in the present experiments. This percentage is much higher than that found in previous experiments. The percentage of binocularly interacting neurons in lamina Al was also higher than that seen in previous experiments. Geneally a low percentage of occurrence of binocular interaction can be interpreted in several ways. We inserted the microelectrode from the dorsal surface of the brain down to the LGN. This probably results in a more frequent encounter of the neurons situated in the dorsal part of the nucleus. Therefore, most of the neurons recorded from in the previous study may have been located in the dorsal laminae A and Al. If this is the case, the long latency neurons present in lamina B may not have been sampled properly with a reduction in the percentage of occurrence of binocular interaction. Also, we attempted in previous studies mainly to explore the intracellular activities of LGN neurons. Therefore, this probably biased a selection to the larger geniculate cells and further reduced the percentage of binocular interaction which occurs in the smaller contralaterally innervated neurons. Sanderson et al. (1971) investigated binocular interaction in the LGN using natural stimulation. In addition to the center-surround type of receptive field for the dominant eye, they found that 82% of the geniculate neurons had a recep tive field for nondominant eye which was mostly inhibitory in nature. Such neurons should correspond to the binocular interacting neurons of our study. Sanderson et al. (1971) found 72% of the neurons situated in lamina A, 77% of neurons in Al and 47% in B to have an inhibitory receptive field for the nondomi nant eye, and they stressed the difference in their results with our previous study. In the present experiments we found the percentage of occurrence of binocular interaction in three cell laminae to be closer to the results of Sanderson et al. (1971) than that of our earlier study. However, a discrepancy is still present between our results and theirs with respect to the frequency of occurence of binocularly interacting neurons in lamina A. The discrepancy may be ascribed to the fact that in our present experiments chloralose-urethane anesthesia was used while they used nitrous oxide anesthesia. The use of rather deeper anesthesia in our study may have caused a discrepancy in the binocular interaction seen in laminae A and Al. Presynaptic inhibition should also be considered as producing some degree of binocular interaction (Marchiafava 1966 ) and presynaptic inhibition would likely be differentially suppressed under different anesthetic condition. In any event, it can be asserted that the ipsilaterally innervated lamina Al gets more of an inhibitory effect from the non-dominant optic nerve than does the contra laterally innervated laminae A and B.
In the present experiments, all the neurons examined for binocular interaction were recorded from the main laminae of the geniculate nucleus. Therefore a binocular interaction in the central and medial interlaminar nuclei (NIC and NIM) remains to be studied. Some of the long latency neurons relegated to lamina B might actually be those of NIC in view of the similarity to those extrageniculate thalamic nucleus (Suzuki and Kato 1969) . But these long latency neurons were usually found to be situated in a region away from the boundary. The longer latency neurons present in lamina B may participate in some other function than a relay of impulses to the visual cortex. 
